1. Introduction {#sec1}
===============

Tropospheric ozone (O~3~) is a common air pollutant in urban areas, with concentrations vary the most among ambient pollutants ([@bib12]). Meteorological factors (*e.g.*, ambient temperature, wind speed and sunlight), geographical factors, and co-pollutants (*e.g.*, nitrogen oxides and volatile organic compounds) affect the formation, concentration and spatial distribution of ozone ([@bib16]; [@bib26]). Studies have shown that ambient ozone not only induces airway inflammation and decreases lung function but also associated with elevated mortality from and morbidity of respiratory disorders ([@bib6]; [@bib15]; [@bib34]).

Strong sunlight accelerates the photochemical reactions that cause ozone formation, raising concerns of adverse effects on mortality and morbidity in summers in the US and European ([@bib15]; [@bib25]; [@bib32]; [@bib43]). [@bib31] reported the synergistic health effects of high temperature and ozone levels in the summer season ([@bib31]). But, some studies indicated that the effects of ozone are greater in cold weather than in hot weather ([@bib27]; [@bib40]).

Additionally, risk estimates vary by studied area and ozone metrics applied in ozone-related health studies ([@bib4]; [@bib6]; [@bib15]; [@bib19]; [@bib41]; [@bib43]). Three common ozone metrics have been used in regulatory ([@bib39]) and epidemiological studies ([@bib4]; [@bib6]), *i.e.*, daily 1-h maximum (O~3,\ 1 h max~), daily 8-h average maximum (O~3,\ 8 h max~), and daily 24-h average (O~3,\ 24 h avg~), representing different exposure time frames for health risk assessment. Concentration of ozone and the daily peak time of ozone formation are affected by traffic-related emissions; especially nitrogen oxides (NO~*x*~) emissions are considered a major precursor during ozone formation under strong sunlight. Therefore, total oxidant (Ox), which includes ozone and nitrogen dioxide (NO~2~), is a suggested alternative indictor of the health effects of ozone ([@bib11]). Moreover, flux-based exposure metrics and exceedance of standard have also been used as ozone exposure indicators and to estimate the risk of ozone exposure for human health, plants and vegetation in Europe ([@bib20]; [@bib25]; [@bib29]). Although many different ozone indicators have been used, no gold standard or criteria for selecting ozone metrics have been established, especially for health risk studies.

Increasing ozone concentrations have tended to cause moderate to high oxidant episodes in the Taipei Metropolitan in the past two decades ([@bib8]). Therefore, this study assessed the associations between three metrics (O~3,\ 1 h max~, O~3,\ 8 h max~, O~3, 24 h avg~) and an alternative oxidant indicator (Ox) and outpatient visits for total and cause-specific respiratory diseases (RD) of a population-based cohort in the subtropical climate of Taipei Metropolitan.

2. Methods {#sec2}
==========

This study analyzed the data of Taipei Metropolitan from 2000 to 2009. Locating in the basin of northern Taiwan, Taipei Metropolitan (Taipei City and New Taipei City) is the economic and political center of Taiwan. Its population exceeds 6 million, which comprises near one-fourth of the total Taiwan population ([@bib28]). Although the Mass Rapid Transit system provides over one million daily transportations for over 20 years, traffic emissions remain the major air pollution source.

2.1. Outpatient visits for total and case-specific respiratory disease {#sec2.1}
----------------------------------------------------------------------

Electronic records for daily outpatient visits were obtained from the National Health Insurance (NHI) program, which covered 90.0% of the Taiwan population in 1995 and increased to 96.2% in 2000 ([@bib7]). We retrieved from the claims data patients\' scrambled identification numbers, sex, date of birth, diagnoses, dates of admission and discharge, and information on hospitals and clinics. Of all those insured in 2000, one million people were randomly selected as a cohort by the National Health Research Institute, Taiwan. This cohort enrolled about 318,000 people residing in Taipei Metropolitan in 2000. Their records of outpatient visits for total RD (The 9th revision of International Classification of Diseases with clinical modification, ICD9 CM 460--519), asthma (ICD9 CM 493), and chronic airway obstruction not elsewhere classified (CAO) (ICD9 CM 496) were retrieved for further analyses.

2.2. Air pollution and meteorological characteristics {#sec2.2}
-----------------------------------------------------

The Taiwan Environmental Protection Administration (TEPA) has operated 74 monitoring stations distributed throughout Taiwan since 1993. Of these, 13 stations are in Taipei for monitoring the general ambient air pollution ([Fig. 1](#fig1){ref-type="fig"} ). These stations measure and record hourly particulate matter \<10 μm in aerodynamic diameter (PM~10~), nitric oxide (NO), NO~2~ and O~3~ concentrations. The hourly pollutants records were used to calculate 24 h (daily) concentrations of PM~10~, NO and NO~2~ for the present study period.Fig. 1Ambient air monitoring stations and weather station in Taipei Metropolitan.

We used ozone metrics (O~3,\ 1 h max~, O~3,\ 8 h max~ and O~3,\ 24 h avg~) and one total oxidant indicator (Ox) to represent ozone exposure during different exposure time frames. Briefly, the O~3,\ 1 h max~ was calculated as the average maximum hourly ozone concentration in the study area. The O~3,\ 8 h max~ was the daily average of the maximum 8-h moving average. The daily 24-h average value was calculated by averaging 24 hourly measurements. Finally, the total oxidant was an alternative metric, including daily 24-h ozone and daily 24-h NO~2~ concentrations. We used Ox to measure the combined effect of ozone and NO~2~ because NO rapidly forms NO~2~ by reacting with ozone ([@bib11]). All ozone metrics were obtained by averaging the 13 monitoring values to obtain an overall daily representative ozone exposure in Taipei. Pollutants with missing data of longer than 6 h were not used for that day. The quality assurance and control were performed and operated by TEPA ([@bib37]). The Central Weather Bureau provided 24-h data from 25 real-time weather monitoring stations in Taiwan ([@bib36]). Hourly weather measurements (average, maximum, and minimum temperatures, relative humility, dew point temperature, water vapor pressure, and wind speed) were recorded at five weather stations in Taipei Metropolitan. Daily weather measurements from the Taipei weather station located in the city center were used because they were considered representative of the ambient temperature exposures of the local population. Meteorological data for daily average temperature, relative humidity (RH) and wind speed (WS) were also retrieved.

2.3. Statistical analysis {#sec2.3}
-------------------------

This study applied Poisson regression models with dlnm ([@bib13]; [@bib14]) to assess risk in four different ozone metrics associated with outpatient visits for total RD, asthma and CAO. Non-linear and delayed effects of ozone metrics and temperature were analyzed by natural cubic spline (NS) DLNM. The knots of variables were placed at equally spaced quantiles of the predictor. The knots of lag were set at equally spaced values on the log scale of lags.

Sensitivity analyses were performed to evaluate the covariates and their *df* in the model. We compared the risk estimates and model fittings for various combinations of relative humidity (NS, *df* set from 4 to 6), wind speed (NS, *df* set from 4 to 6), long-term time trend (NS, *df* set at 4, 7, and 14), cross-basis of ozone concentrations (NS, *df* set from 4 to 5), and cross-basis of average temperature (NS, *df* set from 4 to 6). The minimum Akaike information criterion was used for model selection ([@bib1]).

The model for expected number of cause-specific outpatient visits (*Y*) at day (*t*) was$$Ε\left\lbrack Y_{t} \right\rbrack = \sum\limits_{t = 0}^{5}{\text{NS}\left( {\text{Ozone}_{i,t},3;\ \text{lag},3} \right)} + \sum\limits_{t = 0}^{5}\text{AP}_{j,t} + \sum\limits_{t = 0}^{7}{\text{NS}\left( {T_{t},6;\ \text{lag},3} \right)} + \sum\limits_{t = 0}^{14}{\text{NS}\left( {\text{Flu},5;\ \text{lag},3} \right)} + \text{NS}\left( {\text{RH},6} \right) + \text{NS}\left( {\text{WS},6} \right) + \text{NS}\left( {\text{time},{14/\text{year}}} \right) + \text{Year} + \text{Holiday} + \text{DOW}$$

Measurements of ozone metrics (Ozone~*i*,*t*~, in which *i* = 1--4 represented O~3,\ 1 h max~, O~3,\ 8 h max~, O~3,\ 24 h avg~, and Ox) were set at NS with 3 degrees of freedom (*df*) under 3 *df* lag space in models. Cumulative 6-day (from current day to maximum lag of 5 days) relative risks (RR) and 95% confidence intervals (CIs) of total RD, asthma and CAO were estimated by comparing ozone metrics for concentrations at the 75th (Q3) percentiles with that at the 25th (Q1) percentiles ([@bib10]). AP~*j*,*t*~ represented the linear effect of air pollutants (*j* = 1--2 for PM~10~ and NO~2~) on day *t*. Daily average temperature (*T* ~*t*~) was set at NS with 6 *df* (approximately 4 °C for 1 *df*), and effects were accounted for 8 cumulative days (lag 0--7 days) with 3 *df* spline for lag. The model also controlled for the confounding effects of RH and WS using natural cubic spline with 5 *df* for daily measurements.

Moreover, the calendar year was treated as an additional categorical variable in models to control for annual variation in health outcomes (*e.g.*, the sudden decrease in outpatient visits caused by the severe acute respiratory syndrome epidemic in 2003). The smoother term of time ("time" in the model) was set to 14 *df* per year. Other covariates, such as cumulative 15-day (from current day to maximum lag of 14 days) effect of outpatient visits for pneumonia and influenza (Flu, ICD9 CM codes 480--487), holidays, and day of the week (DOW) were also adjusted in the models. The relationships between outpatient visits of total and cause-specific respiratory diseases and three ozone metrics and Ox were determined for three time periods: the hot season (May--October), the cold season (November--April), and the entire year.

All data manipulations and statistical analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA) and statistical environment R 2.12 (dlnm package).

3. Results {#sec3}
==========

3.1. Ambient pollutants and weather characteristics {#sec3.1}
---------------------------------------------------

[Table 1](#tbl1){ref-type="table"} shows the features of PM~10~, NO~2~, ozone metrics, temperature, RH, WS and daily outpatient visits for total RD, asthma and CAO in Metro Taipei from 2000 to 2009. Correlation coefficients for ozone metrics were 0.89 between O~3,\ 1 h max~ and O~3, 8 h max~, 0.49 between O~3,\ 1 h max~ and O~3,\ 24 h avg~, and 0.75 between O~3,\ 8 h max~ and O~3,\ 24 h avg~. [Supplementary Fig. S1](#appsec1){ref-type="sec"} shows levels of O~3,\ 1 h max~ and O~3,\ 8 h max~ were higher in the hot season than in the cold season. However, O~3,\ 24 h avg~ and Ox concentrations showed a bimodal annual distribution, and the average concentrations in hot and cold seasons were similar.Table 1Characteristic of air pollutants, climate condition and daily outpatient visit for total respiratory disease, asthma and chronic airway obstruction not elsewhere classified (CAO) in Taipei Metropolitan during 2000--2009.CovariatesMinimum25%50%75%MaximumMeanPM~10~ (μg/m^3^)10.731.443.660.128648.4NO~2~ (ppb)3.9023.130.139.511933.0O~3,\ max~ (ppb)9.6536.846.865.214352.9O~3,\ 8 h~ (ppb)6.9529.538.349.710740.6O~3,\ 24 h~ (ppb)4.5319.024.931.273.125.5Ox (ppb)8.8842.148.555.791.648.8Temperature (°C)8.3019.323.928.033.023.4Relative humidity (%)37.069.075.083.098.075.7Wind speed (m/sec)01.602.403.607.902.61Daily hospital admissions Respiratory diseases5017502398309667692443 Asthma0127264 Chronic airway obstruction not elsewhere classified0716225115 Pneumonia and influenza01016239117

[Fig. 2](#fig2){ref-type="fig"} shows the proportion of O~3,\ 1 h max~ appearing in a day by hour. O~3~ levels were the highest from 8 AM to 6 PM in most of days. During the cold season, however, O~3,\ 1 h max~ tended to peak at 0--7 AM.Fig. 2Proportion of 1-h maximum ozone (O~3,\ 1 h max~) occurred in a day by study periods, 2000--2009.

3.2. Cumulative relative risk of outpatient visits for respiratory disease {#sec3.2}
--------------------------------------------------------------------------

[Fig. 3](#fig3){ref-type="fig"} shows the associations between ambient ozone levels and outpatient visits for total RD by ozone metric and study period. During hot seasons, outpatient visits for total RD were significantly and positively associated with O~3,\ 24 h avg~ above 30 ppb and with Ox above 40 ppb. During cold seasons, on the other hand, the risk was also statistically significant in associations with O~3,\ 1 h max~ above 40 ppb, O~3,\ 8 h max~ above 30 ppb, and Ox above 45 ppb. The O~3,\ 24 h avg~ had a significant positive association with outpatient visits for total RD in cold seasons; however, this study, as we observed the effects of ozone levels at 75th percentiles, obtained a lower risk estimate for O~3,\ 24 h avg~ than other ozone metrics on associating with outpatient visits of total RD ([Table 2](#tbl2){ref-type="table"} ).Fig. 3Cumulative 6-day relative risks of ozone metrics associated with outpatient visits for total respiratory disease using distributed lag non-linear model. Models included cumulative 6-day effects of PM~10~ and NO~2~, cumulative 8-day effects of average temperature, cumulative 15-day effects of outpatient visits for pneumonia and influenza, relative humidity, wind speed, holiday effects, day of the week; and long-term trends.Table 2Cumulative six days (lag 0--5 days) relative risk and 95% confidence intervals for the ozone metrics associated with outpatient visits of total respiratory diseases (RD), asthma and chronic airway obstruction not elsewhere classified (CAO) using DLNM in Taipei Metropolitan, 2000--2009. Risks were estimated by comparing metrics for ozone concentrations at the 75th (Q3) percentiles with those at the 25th (Q1) percentiles.Total RDAsthmaCAORR95% CIAICRR95% CIAICRR95% CIAIC**Hot season (May**--**October)**O~3,\ 1 h max~0.990.99--1.00147,4001.060.93--1.2270740.910.85--0.9711,391O~3,\ 8 h max~1.031.02--1.04147,2091.080.91--1.2870720.930.86--1.0111,399O~3,\ 24 h~1.031.02--1.04146,9981.000.84--1.2070730.920.85--1.0011,389Ox1.061.05--1.07149,7091.030.87--1.2170860.990.91--1.0711,412**Cold season (November**--**April)**O~3,\ 1 h max~1.051.04--1.06238,2461.090.94--1.2672640.920.85--0.9912,023O~3,\ 8 h max~1.041.04--1.05238,2921.090.93--1.2872620.880.81--0.9612,016O~3,\ 24 h~1.001.00--1.01236,8780.960.81--1.1372640.850.78--0.9212,007Ox1.101.10--1.11245,1881.181.00--1.3972850.970.89--1.0612,051**Whole year**O~3,\ 1 h max~1.021.01--1.02396,1881.020.95--1.0914,3860.960.93--1.0023,618O~3,\ 8 h max~1.051.04--1.05395,7511.030.93--1.1414,3840.970.92--1.0223,629O~3,\ 24 h~1.031.02--1.03395,0641.000.90--1.1114,3840.940.90--0.9923,625Ox1.081.08--1.08405,0651.080.97--1.2014,3971.020.97--1.0823,667

[Table 2](#tbl2){ref-type="table"} shows the cumulative 6-day RRs of outpatient visits of total RD, asthma and CAO associated with ozone metrics varied with study periods. Based on the AIC values for the models, the O~3,\ 24 h avg~ was the optimal metric in associating with outpatient visits of total RD with RRs of 1.03 (95% CI: 1.02, 1.04) in the hot season and 1.00 (95% CI: 1.00, 1.01) in the cold season. During the hot season, the relative risks of outpatient visits for total RD were 0.99 (not significant) and 1.03 (95% CI: 1.02, 1.04) in association with O~3,\ 1 h max~ and O~3,\ 8 h max~, respectively. In the cold season, the corresponding estimated RRs ranged between 1.04 and 1.05. The Ox had the strongest association with outpatients visits of total RD with a RR of 1.10 (95% CI: 1.10, 1.11) during cold seasons. Except for O~3,\ 24 h avg~, this study revealed a higher ozone risk in the cold season than in the hot season.

[Fig. 4](#fig4){ref-type="fig"} shows the risk of outpatient visits of total RD by the lag effects of ozone metrics levels measured at 75th percentiles relative to that measured at 25th percentiles by season. The RR peaked at lag 0--1 days in association with Ox in the cold season and entire year. There were 2--3 days lag association with O~3,\ 1 h max~, O~3,\ 8 h max~ and O~3,\ 24 h avg,~ much more apparent in cold days and the risk increased with exposure hours.Fig. 4Risk of outpatient visits for total respiratory diseases in lag effects of ozone metrics measured at 75th percentile relative to 25th percentile. RRs were estimated using DLNM, which includes cumulative 6-day effects of PM~10~ and NO~2~, cumulative 8-day effects of average temperature, cumulative 15-day effects of outpatient visits for pneumonia and influenza, relative humidity, wind speed, holiday effects, day of the week, and long-term trends.

[Supplementary Figs. S2 and S3](#appsec1){ref-type="sec"} present the ozone exposure--response curves for outpatient visits for asthma and CAO, respectively. Only Ox was significantly associated with increased asthma during the cold season, with a RR of 1.18 (95% CI: 1.00, 1.39) ([Table 2](#tbl2){ref-type="table"}). In addition, outpatient visits of CAO were partly negatively associated with levels of ozone, occurred mostly in the cold seasons. [Supplementary Figs. S4 and S5](#appsec1){ref-type="sec"} show the risk of outpatient visits for asthma and CAO associated with the lag effects of ozone metrics measured at the 75th percentiles relative to that measured at the 25th percentiles. The association between Ox and CAO risk appeared the greatest at the lag 0 day.

Sensitivity analyses show that the effects of ozone metrics on outpatient visits of RD were robust to alternative models (data not shown). However, the AIC values were lowest and risk estimates were higher as we set the time as 14 *df* per year.

4. Discussion {#sec4}
=============

This was the first study to explore the association between various ozone metrics and daily outpatient visits for total and cause-specific RD in Taiwan. The results show that the association observed between outpatient visits for total RD and ozone varied with the ozone metric, the study period and the disease type. The Ox, which combines daily O~3~ and NO~2~ concentrations, is associated with the highest risk estimates for total RD. The O~3,\ 24 h avg~, which included daytime and nighttime ozone exposure, was a better metric compared to O~3,\ 1 h max~ and O~3,\ 8 h max~ in terms of its association with outpatient visits for total RD based on model selection ([@bib30]).

Ambient ozone is typically measured using three ozone metrics. Daily O~3,\ 1 h max~ and O~3,\ 8 h max~ are included in the U.S. National Ambient Air Quality Standard ([@bib39]). Daily mortality from all causes, cardiovascular diseases and RD in the US have been associated with the levels of O~3,\ 8 h max~ ([@bib43]). In Europe, the Air Pollution and Health -- A European Approach (APHEA) project has reported that all-cause mortality and respiratory mortality increased 0.33% and 1.13%, respectively, for an increment of 10 μg/m^3^ ambient O~3,\ 1 h max~ ([@bib15]). The O~3,\ 24 h avg~ metric is a daily ozone exposure index widely used in epidemiological studies ([@bib4]; [@bib6]). However, no standard criterion has been developed for ozone-related health effect studies. [@bib30] reported strong correlations among ozone exposure metrics and suggested that air quality information should be provided with biologically meaningful metrics.

Among all ambient air pollutants, the ozone level changes rapidly as being affected by the complicated ambient ozone precursors and meteorological conditions varying with time ([@bib12]). Measurements of ozone metrics are affected by diurnal pattern of ozone, spatial representative of the ozone metrics, correlation between metrics and concentrations of co-pollutants ([@bib12]). Generally, the level of O~3,\ 1 h max~ reaches the peak at noon (from 11 AM to 2 PM) because of strong sunlight ([@bib26]) ([Supplementary Fig. S1](#appsec1){ref-type="sec"}). During the cold seasons in Taipei, however, we found the highest O~3,\ 1 h max~ level at nighttime (from 12 PM to 8 AM) ([Fig. 2](#fig2){ref-type="fig"}). This finding is consistent with previous studies ([@bib9]; [@bib16]). Their results show a bimodal seasonality observed in monthly levels with the highest concentrations in autumn and late winter because of weather conditions and co-pollutant emissions.

The present study shows that the O~3,\ 24 h avg~ is the optimal metric than O~3,\ 1 h max~ and O~3,\ 8 h max~ in association with total RD based on model selection, which is consistent with the findings reported in Suzhou. Although O~3,\ 1 h max~ and O~3,\ 8 h max~ apparently have a stronger association with mortality rate compared to O~3, 24 h avg~ in the cool season, the AIC value for the O~3,\ 24 h avg~ model is the lowest among the three ozone metrics ([@bib41]). Moreover, this study observed the significant positive association between levels of O~3,\ 24 h avg~ and outpatient visits of total RD in the cold season ([Fig. 2](#fig2){ref-type="fig"}) imply that this ozone metric may be optimal for use in health risk association studies. However, further study is needed for various health outcomes and study areas.

Studies in the U.S. and Europe show that the ozone exposure is associated with mortality from all causes and respiratory diseases ([@bib6]; [@bib32]). However, the associations between ozone exposure and morbidity from RD have proven inconclusive. A multi-city meta-analysis found that emergency hospitalizations for total RD could increase by 2.97% per 10 ppb increase in O~3,\ 24 h avg~ in the elderly population ([@bib19]). Some studies have also reported a significant association between ozone levels and hospital admissions for chronic obstructive pulmonary disease (COPD) and asthma ([@bib3]; [@bib21], [@bib22]; [@bib25]; [@bib35]). However, studies in Prague and Los Angeles showed no significant association between ozone and hospital admissions for RD ([@bib17]; [@bib27]). In Metro Taipei, while outpatient visits for total RD is associated with ozone after adjusting for PM~10~ and NO~2~, the outpatient visits for asthma is associated with the combined effect of ozone and NO~2~ only in the cold season after adjusting for PM~10~. Our findings conflict with those of a Barcelona study, in which Ox is associated with the morbidity of COPD and asthma ([@bib38]). However, because of depletion of ozone by NO, which is quickly oxidized by ozone to form NO~2~ in ambient atmosphere, total oxidant (Ox = O~3~ + NO~2~) is considered a better indicator for assessing the effects of both ozone and NO~2~ exposure ([@bib11]). Ox appears the strongest association with outpatient visits for total RD in the present study. Therefore, Ox could be optional ozone metric for estimating health effects in metropolitan areas with strong sunlight and heavy traffic pollution.

The mortality risk associated with ozone exposure by season poses conflicting evidences. Some studies have found the highest risk in warmer months ([@bib6]; [@bib15]; [@bib18]; [@bib43]). However, the mortality risk of ozone is unlikely confounded by temperature ([@bib33]). The present study and previous studies conducted in Taipei and Shanghai ([@bib24]; [@bib42]; [@bib44]) found that the health risk of ozone was higher in cold days than in hot days. Therefore, assessments of the health risks of ozone should not be limited to the warm season.

Ozone-related epidemiological studies generally assume a linear relationship between health risks and ozone levels ([@bib5]). However, [@bib23] have reported a nonlinear relationship between ozone dose and pulmonary function. The lag effect of air pollutants is also considered a critical factor in health assessments. This study applied DLNM to calculate the nonlinear association and cumulative risks related to air pollutants at lag days. The findings enable greater flexibility when presenting the nonlinear ozone exposure--response curve for outpatient visits for total RD ([Fig. 3](#fig3){ref-type="fig"}) ([@bib23]).

This study had some limitations. First, it used population-based outpatient visit data rather than individual-based data. That is, this ecological study did not collect information on personal ozone exposure and corresponding health response. Additionally, this study did not consider factors such as demography, personal lifestyle, socioeconomics, occupational exposure, air conditioner usage, and medical care provision, all of which can affect the ozone-health association. However, the risk of ozone on outpatient visits for total RD remains robust even after controlling for the potential effects of other air pollutants such as PM~10~ and NO~2~, meteorological conditions such as daily temperature, RH and WS, and respiratory tract infections and other potential confounders. Notably, the risk varies with the ozone metrics applied. This study agreed with previous findings that ozone metrics must be carefully manipulated when applying them to assess human exposure. Multiple ozone exposure metrics are recommended for health risk assessment ([@bib2]).

5. Conclusion {#sec5}
=============

The health risk of RD related to ozone varies by the disease type and ozone metrics measured. The O~3,\ 24 h avg~, represented both daytime and nighttime ozone exposure, is the preferred metric instead of O~3,\ 1 h max~ and O~3,\ 8 h max~ for assessing the association with outpatient visits for total RD. The daily Ox levels of combined ozone and NO~2~ concentrations exhibit the strongest correlation with outpatient visits for total RD in the cold season in Metropolitan Taipei.
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The following are the supplementary data related to this article:Fig. S1Measurements of ozone metrics by month in Taipei from 2000 to 2009. Fig. S2Cumulative 6-day relative risks of ozone metrics associated with outpatient visits of asthma using distributed lag non-linear model. Models included cumulative 6-day effects of PM~10~ and NO~2~, cumulative 8-day effects of average temperature, cumulative 15-day effects of outpatient visits for pneumonia and influenza, relative humidity, wind speed, holiday effects, day of the week, and long-term trends. Fig. S3Cumulative 6-day relative risks of ozone metrics associated with outpatient visits of chronic airway obstruction not elsewhere classified using distributed lag non-linear model. Models included cumulative 6-day effects of PM~10~ and NO~2~, cumulative 8-day effects of average temperature, cumulative 15-day effects of outpatient visits for pneumonia and influenza, relative humidity, wind speed, holiday effects, day of the week, and long-term trends. Fig. S4Lag effects of ozone metrics at measurements of 75th percentile compared with measurements of 25th percentile on the outpatient visits of asthma. RRs were estimated using DLNM, which includes cumulative 6-day effects of PM~10~ and NO~2~, cumulative 8-day effects of average temperature, cumulative 15-day effects of outpatient visits for pneumonia and influenza, relative humidity, wind speed, holiday effects, day of the week, and long-term trends. Fig. S5Lag effects of ozone metrics at measurements of 75th percentile compared with measurements of 25th percentile on the outpatient visits of chronic airway obstruction not elsewhere classified. RRs were estimated using DLNM, which includes cumulative 6-day effects of PM~10~ and NO~2~, cumulative 8-day effects of average temperature, cumulative 15-day effects of outpatient visits for pneumonia and influenza, relative humidity, wind speed, holiday effects, day of the week, and long-term trends.
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